We analyze the inversionless gain in a three-level ladder system by replacing the usual coherent coupling field with an incoherent field. Surprisingly, it is found that one can obtain inversionless amplification of a weak probe even in the absence of a coherent field in the model. We conclude that gain is determined by the ensemble average of the product of the two-photon coherence and the "effective Rabi frequency" of the field.
We analyze the inversionless gain in a three-level ladder system by replacing the usual coherent coupling field with an incoherent field. Surprisingly, it is found that one can obtain inversionless amplification of a weak probe even in the absence of a coherent field in the model. We conclude that gain is determined by the ensemble average of the product of the two-photon coherence and the "effective Rabi frequency" of the field.
Thus, even though the incoherent pump reduces the two-photon coherence, gain can be restored by choosing sufficiently high strengths of the incoherent field.
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Most models of lasing without inversion (LWI) utilize a coherent pump to prepare the atom-field system, such that a weak probe can be amplified on one of the transitions, even in the absence of population inversion on that transition [1 -5] . The gain mechanism is explained on the basis of coherence induced between two atomic levels by the coherent field, such that the inversionless gain is predominantly determined by the two-photon coherence [6] .The noise properties of various laser fields in a LWI configuration have not received much attention, except for a few recent works which suggested that replacing the incoherent pump in traditional LWI schemes by a spectrally colored pump can provide significant gain enhancements [7] . Scully and co-workers [8] investigated the consequences of relative phase fIuctuations between two coupling fields in a double-lambda LWI model and concluded that any phase fIuctuations in the coupling fields will reduce the available gain. Gong and Xu [9] reported a study where the coherent coupling field was replaced by a phase-diffusing field and their conclusion was similar to that of Scully Stark split levels have an energy separation equal to the Rabi frequency of the coherent pump, and when the probe is tuned to one of these dressed levels it experiences gain.
In most reports on LWI to date, the coherent field has been considered an essential component for obtaining gain.
If this coherent pump is replaced by a phase-diffusing field, there would be a concomittant reduction in gain, which can be easily understood in terms of reduction in the two-photon coherence [8, 9] . However, one expects a dramatically different result if a chaotic field replaces the coherent pump. It is well known that in the presence of a chaotic field, coherence (or Rabi) effects are not visible, e.g. , the sidebands in the Mollow triplet vanish for a chaotic field because the Rabi frequency itself is fluctuating and on average its effects are not revealed in the observable [10] .One might thus conclude that there should be no gain for chaotic coupling fields, since LWI is based on coherence phenomena.
In this paper, we address the consequences of utilizing an incoherent coupling field in LWI, by comparing the gain when the coherent field is replaced by either a phasediffusing field or a chaotic field. The former is known to accurately reproduce the behavior of intensity stabilized, Figure 2 depicts the main result of this work, the maximum inversionless gain as a function of the coupling field bandwidth for chaotic and phase-diffusing fields. The gain shown is the ensemble average over several hundred independent iterations, each with a different set of random nurnbers, to reduce the errors due to small number statistics. It is quite clear that there are dramatic differences in the two cases, which become less pronounced as one gets to larger bandwidths. For a purely incoherent pump, the probe response is identical for the two models, and as expected, there is no gain. The most interesting regime is where the field bandwidth is comparable to the atom relaxation rate. This is the regime where most lasers operate, and such bandwidths are easy to achieve. When the coupling field bandwidth is equal to 1 (in units of yl), the gain due to a phase diffusion field (G-0.0035) is not significantly different from that with a coherent pump (G-0.0042). For the same field band-width, though the gain due to a chaotic field is less than that from a phase-diffusing field by a factor of 2 (G-0.002), it is surprising that there is any gain at all. Since a chaotic field is expected to erase all coherence effects, the fact that one can realize gain even in the presence of a chaotic field is unexpected. Figure 2 shows results for values of coupling field bandwidths starting at 1 (in units of yi). The Monte Carlo technique does not permit calculation of gain for zero-field bandwidths due to the nature of the numerical algorithm [12] .
However, one can easily determine this gain analytically. For the phase-diffusion model, the limit of zero bandwidth is the coherent field, for which the gain is 0.0042. However, for the chaotic field, zero bandwidth does not correspond to a coherent field. Instead, the intensity of the field I has a probability distribution P(I) that is given by (5), and we determine the gain, from such an averaging, to be approximately 0.0025. We emphasize here that while the gain for nonzero bandwidths has been calculated via the Monte Carlo method, the gain for zero bandwidths has been calculated by solving for pi2 analytically (to first order in g) and then averaging it over the chaotic field probability distribution. We mention this to point out that the unexpected gain for chaotic fields is not a numerical artifact of the Monte Fig. 3 we show the real and imaginary parts of (G, *(t) p, 3) , which have significant nonzero values, even though (pts) by itself is almost zero. Clearly then, it is not p&3 which is the important term, but rather the product G, *(t) p"3 which provides gain.
In summary, we have shown that it is possible to preserve atomic coherence effects even in the absence of a coherent coupling field. This point has been demonstrated by showing that one can realize inversionless gain by using incoherent coupling fields. The origin of this coherence preservation has been traced to the fact that it is not just the two-photon coherence which is responsible for gain in LWI, but rather the ensemble average of the product of the two-photon coherence and effective Rabi frequency of the incoherent coupling field. This implies that one can use a stochastic field to realize LWI, as long as reduction in the two-photon coherence is compensated by an increase in strength of the field. As expected, we do find that for a given field bandwidth, band shape, and Rabi frequency, the phase-diffusing field is more effective in producing gain than the chaotic field. The predictions of this work can be experimentally tested via laser noise engineering techniques developed by Elliott and coworkers [11, 13] .
